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CELLULAR TELECOMMUNICATIONS NETWORK

Field of the Invention
The present invention relates to a method of operating a base station in a cellular

telecommunications network.

Background

Cellular telecommunications networks include a network of base stations which
communicate with User Equipment (UE) within a particular coverage area. Traditional
base stations are often known as macrocells (owing to their relatively large coverage
area over several kilometres squared), but modern cellular networks also include small
cells (including femtocells, picocells, microcells and metrocells) which have smaller
coverage areas than the macrocell. The use of these different technologies allows
Network Operators to increase capacity by deploying the small cell base stations to a
large number of customer premises (e.g. homes and businesses), thereby increasing

capacity where there is demand.

Despite the advantages of a mass deployment of small cell base stations within a
heterogeneous network, Network Operators are conscious of the increased energy
demand of such a large number of base stations. Accordingly, the 3™ Generation
Partnership Project (3GPP) introduced an energy saving feature in Technical
Specification (TS) 36.300, section 22.4.4. In this standard, base stations were
designated as either “coverage” or “capacity”. The coverage base station provides basic
service about a large coverage area but also controlled one or more capacity base
stations. The coverage base station may therefore switch the capacity base stations
between normal and energy saving modes of operation according to an energy saving
policy (such that the capacity base stations enter energy saving mode when demand is
low). The capacity base stations were also allowed to autonomously switch between
the normal and energy saving mode, but under a policy set by the coverage base station.
The switch off instruction or the policy may also come from the Network Operator via the
coverage base station. Nonetheless, each base station had one of two defined roles in

which it could operate.

The energy saving function is further defined in 3GPP TS 32.551. This specification

discusses the problem of coverage holes being created when capacity base stations
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enter energy saving mode. Accordingly, base stations are also able to enter
‘compensation” mode, in which the base station serves one or more UEs previously
served by the base station that has entered energy saving mode. This may be achieved
by a simple handover of the UEs to the coverage base station, or may be a handover to
a new base station (e.g. a neighbouring base station). The compensation base station
may also require a substantial change in its coverage area in order to serve the new
UEs.

A further 3GPP specification, TR 36.927, discusses potential solutions for energy saving
and highlights policies for “re-activation” of base stations (i.e. exiting energy saving
mode). These policies include:

¢ No assistance — in which the coverage base station instructs the capacity base

station to exit energy saving mode without any knowledge of its local conditions;

e Reactivation based on load;

o Reactivation based on Interference over Thermal (I0T) measurements;

¢ Reactivation based on UE measurements; and

e Reactivation based on UE and base station locations.

Summary of the Invention

A method of operating a base station in a cellular telecommunications network, the
method comprising the steps of: a first base station determining to switch to energy
saving mode; and the first base station sending a first message to a second base station,
the first message including compensation data relating to a third base station that the

first base station is acting in compensation mode for.

Embodiments of the present invention allow a base station entering energy saving mode
to send data to other base stations in the network. The compensation data relates to a
third base station that the first base station is acting in compensation mode for.
Accordingly, the energy saving base station may currently be compensating for another
base station, and details of this relationship may be passed to the compensation base

station such that it may also compensate for the other base station.

The method may further comprise the steps of: the first base station receiving a second
message, the second message instructing the first base station to exit energy saving

mode; and the first base station exiting energy saving mode.



10

15

20

25

30

WO 2018/059859 PCT/EP2017/071646

The second message may instruct the first base station to act in compensation mode for
the third base station, and the method may further comprise the step of: the first base
station entering compensation mode for the third base station. Thus, the base station
may be reactivated and immediately start compensating for another base station. This
may be the base station that it was previously compensating for before entering energy

saving mode, or may be another base station.

According to a second aspect of the invention, there is provided a method of operating
a base station in a cellular telecommunications network, the method comprising the steps
of: a first base station receiving compensation data from a second base station, the
compensation data relating to a third base station that the second base station is acting
in compensation mode for; and the first base station determining whether to instruct the

second base station to exit energy saving mode based on the compensation data.

The compensation data may relate to the second base station’s configuration

parameters.

The method may further comprise the step of: the first base station instructing the second
base station to exit energy saving mode and to act in compensation mode for the third

base station.

The method may further comprise the step of: the first base station instructing the second
base station to exit energy saving mode and to act in compensation mode for a fourth

base station.

According to a third aspect of the invention, there is provided a computer program
comprising instructions which, when the program is executed by a computer, cause the

computer to carry out the steps of the first or second aspect of the invention.

According to a fourth aspect of the invention, there is provided a base station comprising
a transceiver, a processor and memory, wherein the processor is configured to perform

the steps of the first or second aspect of the invention.
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According to a fifth aspect of the invention, there is provided a cellular
telecommunications network including a base station of the fourth aspect of the

invention.

Brief Description of the Figures
In order that the present invention may be better understood, embodiments thereof will
now be described, by way of example only, with reference to the accompanying drawings

in which:

Figure 1 is a schematic diagram of a first embodiment of a cellular telecommunications
network;

Figure 2 is a schematic diagram of a base station of the network of Figure 1;

Figure 3 is a schematic diagram of a second embodiment of a cellular
telecommunications network;

Figure 4 is a schematic diagram of the network of Figure 3 following a transition in base
station operational mode;

Figure 5 is a table representing data in a Neighbour Relations Table (NRT) of a base
station of Figure 4;

Figure 6 is a schematic diagram of the network of Figure 3 following a further transition
in base station operational mode;

Figure 7 is a table representing data in an NRT of a base station of Figure 6;

Figure 8 is a schematic diagram of a third embodiment of a cellular telecommunications
network;

Figure 9 is a schematic diagram of the network of Figure 8 following a transition in base
station operational mode;

Figure 10 is a table representing data in an NRT of a base station of Figure 9;

Figure 11 is a schematic diagram of a fourth embodiment of a cellular
telecommunications network; and

Figure 12 is a schematic diagram of the network of Figure 11 following a transition in

base station operational mode.

Detailed Description of Embodiments
A cellular telecommunications network 1 of a first embodiment of the invention is
illustrated in Figure 1. The network 1 includes a first base station 10, which in this

embodiment is an evolved Node B (hereinafter, “eNB”) and second, third and fourth base
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stations 20, 30, 40, which in this embodiment are Home eNBs, which are otherwise
known as small cells, or femtocells, picocells, metrocells, or microcells depending on the
coverage area. For the remainder of this specification, these base stations will be
referred to as the first, second, third and fourth eNB 10, 20, 30, 40 respectively. The
base stations’ coverage areas are illustrated by the enveloping ellipses, which represent
the propagation distances for signals transmitted by each base station to one or more
UEs. In Figure 1, a single UE 50a, 50b, 50c, 50d is connected to each base station,
although in practice each base station can be connected to many UEs. In this
embodiment, the base stations use the 4" Generation (4G) Long-Term Evolution (LTE)

protocol for such transmissions.

The eNBs 10, 20, 30, 40 are also connected to at least one Core Network (not shown)
of a Network Operator. If the base station is connected to multiple Core Networks (e.g.
two or more Core Networks of two or more respective Network Operators using the S1-

flex protocol), then the base station hardware may be used by either Operator.

Figure 2 is a schematic diagram representing various components of the first eNB 10.
The first eNB 10 includes a first transceiver 11, a processor 13, a memory 15, and a
second transceiver 17, all connected via bus 19. The first transceiver 11 is commonly
known as the backhaul connection and is used for transmissions to and from the Core
Network, which would typically be via a carrier-grade Ethernet or fibre connection for the
first eNB 10. The second ftransceiver 17 is an antenna configured for cellular
communications (in this embodiment, via the 4G LTE protocol) with any connected UEs.
The processor 13 typically processes data packets received via the first transceiver 11
or second transceiver 17 such that they are in a form to be transmitted to their destination
(for example, IP data packets received at the first transceiver 11 from the Core Network
may be processed into Transport Blocks (TBs) by the processor 13 for onward
transmission to a UE via the second transceiver 17, which may be temporarily stored in

a buffer in memory 15).

In this embodiment, the first eNB 10 has three defined modes of operation. The first
mode is hereinafter known as “normal” mode. Characteristics of normal mode include:
o the first eNB 10 is configured to transmit physical broadcast channel signals (e.g.
reference signals);

e the first eNB 10 is configured to accept connections from UEs;
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o thefirst eNB 10 is configured to serve any connected UEs, such as by forwarding
any messages between the UE and the Core Network; and
o the first eNB 10 is configured to transmit signals to any connected UEs via the

transceiver 11 using a range of power levels defined by its operational protocol.

The skilled person will understand that this mode of operation is commonly used by base
stations and the energy usage of any particular base station in this mode can vary based
on, for example, the number of connected UEs, the distances of the connected UEs to

the base station, and the data requirements of the connected UEs.

The second mode of operation of the first eNB 10 is hereinafter known as “energy saving
mode”. Characteristics of energy saving mode include:
o the first eNB 10 does not transmit physical broadcast channel signals, or
transmits fewer physical broadcast channel signals (compared to normal mode)
o thefirst eNB 10 does not accept connections from UEs, or is configured to accept
a reduced number of connections from UEs (compared to normal mode);
o the first eNB 10 does not serve any UEs, or is configured to serve a reduced
number of UEs (compared to normal mode);
o the first eNB 10 reduces the number of processes performed by processor 13
(compared to normal mode); and
o the first eNB 10 does not transmit signals to any connected UEs, or is configured
to transmit to any connected UE at a relatively low power level (compared to

normal mode).

The skilled person will understand, based on the above teaching, that the energy saving
mode of operation is therefore used to reduce the energy consumption of a base station.
The base station operating in energy saving mode will therefore use less energy than

the same base station operating in normal mode in substantially similar conditions.

The first eNB 10 should avoid switching from normal to energy saving mode when it has
a connected UE, as that UE may suddenly experience a reduced Quality of Service
(QoS), or no service should the first eNB 10 be configured to not serve the UE at all when
in energy saving mode. Accordingly, the first eNB 10 must manage its transition to
energy saving mode to avoid a reduction in QoS for any connected UE. This may include

a passive transition in which no new connections from UEs are accepted and the first
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eNB 10 waits for any connected UEs to disconnect and handover to another base station.
Alternatively, this may be an active transition in which no new connections from UEs are

accepted and the first eNB 10 causes the UEs to handover to another base station.

The third mode of operation of the first eNB 10 is known as “compensation mode”. The
characteristics of compensation mode are similar to normal mode, but further include:

e the first eNB 10 is configured to accept connections from UEs that were
previously served by a base station that is entering (or has entered) energy
saving mode;

o the first eNB 10 serves any UEs that were previously served by a base station
that is entering (or has entered) energy saving mode; and

e the first eNB 10 modifies its configuration in order to take the responsibilities of
the base station entering energy saving mode, which may include one or more
of:

o the first eNB 10 modifying its coverage area (e.g. increases its coverage
area by increasing the upper limit of its power range of transmissions
from the second transceiver 17) to serve the UEs that were previously
served by a base station that has entered energy saving mode;

o the first eNB 10 increasing its processing power;

o thefirst eNB 10 increasing its radio capacity (such as by using previously
disabled antennas); and

o the first eNB 10 adopting different services (e.g. a different protocol).

This compensation mode is therefore used by the first eNB 10 to compensate for the
loss of coverage and/or service that was the responsibility of the other base station that
is now entering energy saving mode. Although this may result in an increase in energy
consumption for the first eNB 10, any such increases are generally more than offset by
the overall reduction in energy consumption in the network 1 as a result of one or more

other base stations entering energy saving mode.

In this embodiment, the first eNB 10 is able to switch between the three modes of
operation (e.g. between normal and compensation mode and vice versa, between
normal and energy saving mode and vice versa, and between energy saving mode and
compensation mode and vice versa). Any change in operational mode may be effected

by the base station adopting one or more of the characteristics outlined above.
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In this embodiment, the second, third and fourth eNB 20, 30, 40 have a similar
construction as outlined above for the first eNB 10. The skilled person will understand
that some physical elements of the eNBs 20, 30, 40 may differ to the first eNB 10 (as
they are Home eNBs in this embodiment), but the concepts above of the normal, energy
saving and compensation modes of operation apply equally to the second, third and
fourth eNBs 20, 30, 40.

Embodiments of methods of the present invention will now be described based on the
network elements described above. In these embodiments, base stations are able to

negotiate changes in their mode of operation.

A first embodiment of the present invention will now be described with reference to
Figures 3 to 7. In this embodiment, the first, second, third and fourth eNBs 10, 20, 30,
40 are all operating in normal mode, are all connected to a Core Network of a single
Network Operator, and are each communicating with at least one UE 50a, 50b, 50c, 50d.
Furthermore, each base station stores a Neighbour Relations Table, NRT, in memory,
which stores identifying information regarding each base station (such as the evolved
Cell Global Identifier, eCGl, and other X2 connection information) in the network 1. The
NRT is also used to store data relating to the operational mode of each neighbouring
base station (details of the structure of this data and the mechanisms for updating it are

described later in this description).

In this embodiment, the third eNB 30 determines that it should enter energy saving mode.
This determination is made by the processor and may be triggered upon, for example,
its load being below a threshold. Following this determination, the third eNB 30 looks up
the identifying eCGls of its neighbour base stations, sets up an X2 connection (e.g. by
querying the Mobility Management Entity, MME, of the Core Network with the eCGl) with
each neighbouring base station if one has not already been established, and sends a
first X2 message to each base station. The first X2 message includes:

¢ an indication that the third eNB 30 intends on entering energy saving mode;

e arequest for the base station receiving the first X2 message to compensate for

the third eNB 30;
¢ an indication of the number of UEs connected to the third eNB 30 (just one in this

example);
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¢ location information of the third eNB 30 (e.g. Global Navigation Satellite System,
GNSS, coordinates);

e a measure of the third eNB’s power level;

¢ an indication of the third eNB’s load (this may be current and forecast);

¢ an indication of the third eNB’s required level of compensation (e.g. guaranteed
full coverage, best effort compensation, compensation for existing UEs only); and

e an estimate of a time period that the third eNB intends on being in energy saving

mode for.

Each base station receiving the first X2 message then makes a determination, based on
the data in the first X2 message, whether it can compensate for the third eNB 30. In this
example, the second eNB 20 makes a positive determination and responds to the first
X2 message with a second X2 message indicating that the second eNB 20 will

compensate for the third eNB 30.

The third eNB 30 then sends a third X2 message to the second eNB 20 which includes
data regarding the third eNB 30 (hereinafter known as “compensation data”). In this
embodiment, this compensation data includes:
o the third eNB’s capabilities, such as
o its configuration (i.e. maximum power, E-UTRAN Absolute Radio-
Frequency Channel Numbers (EARFCNSs), etc.);
o its services (i.e. 2/3/4G, WiFi, VOLTE, VoWiFi, voice, video, etc.)
o its QoS (i.e. guarantees regarding reliability, latency, etc.)
o the eCGl of each base station that has offered to compensate for the third eNB
30 (just the second eNB 20 in this example);
e information regarding its neighbouring base stations (e.g. eCGl, PCIl, X2
information);
e an identifier (e.g. IMSI) of each UE that the third eNB 30 serves; and
e a power consumption reading for the third eNB (this could be split into several
readings identifying, for example, average and peak power consumptions, power
consumption in energy saving mode, power consumption when particular

services are active, etc.).

On receipt of the third X2 message, the second eNB 20 knows that it is the only base

station that will compensate for the third eNB 30 (as it is the only base station identified
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in the third X2 message as willing to compensate) and must therefore provide full
compensation for its services and coverage. This may be contrasted to the case,
described later in this description, in which there are multiple compensators.
Furthermore, as shown in Figure 3, the second eNB 20 does not need to modify its

coverage area in order to provide coverage and service for the UE 50c.

Once the third X2 message has been successfully sent to the second eNB 20 (which
may be indicated using acknowledgment messages), then the third eNB 30 starts its
transition to energy saving mode. This transition includes the following steps:
e the third eNB 30 instructs its connected UE 50c¢ to handover to the second eNB
20;
o the third eNB 30 sends a fourth X2 message to all neighbouring base stations in
its NRT indicating that it is entering energy saving mode and that the second eNB
20 is the compensating base station; and, following a successful handover of the
UE 50c,
e entering energy saving mode (such as by adopting one or more of the

characteristics outlined above).

Upon receipt of the fourth X2 message at the second eNB 20, the second eNB 20 is
configured to send a fifth X2 message to all neighbouring base stations of the third eNB
30 (as identified previously in the X2 message, which may require first establishing the
necessary X2 connection) and to the Operations and Management (OAM) module of the

Core Network. The fifth X2 message contains all data values from the third X2 message.

The NRT data will now be described in more detail. As noted above, each neighbouring
base station of the third eNB 30 receives the first and fourth X2 messages, and each
neighbouring base station receives the data contained in the third X2 message either
from the third X2 message (for the second eNB 20) or from the fifth X2 message (for all
other neighbouring base stations). Each base station contains an NRT in memory, and
this is updated with information upon receipt of these messages. The NRT of this
embodiment therefore contains more information than a basic NRT of the prior art. The
base stations therefore store common information in their NRTs regarding their
neighbouring base stations and other data relevant for the present invention. The
relevance of this data will become apparent when discussing re-activation later in the

description.
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Figure 4 illustrates the state of the network 1 following the switch of the third eNB 30 to
energy saving mode and of the second eNB 20 to compensation mode. As shown, the
third eNB 30 no longer has an enveloping ellipse as it is no longer transmitting signals
about a coverage area. The UE 50c is now served by the second eNB 20. An example

of the common data stored in the NRT of each base station is shown in Figure 5.

At a subsequent time, the second eNB 20 also determines that it should switch from
compensation mode to energy saving mode. This, again, may be determined following
the second eNB’s 20 load dropping below a threshold. Similar to the technique used
above, the second eNB 20 looks up the identifying eCGls of its neighbour base stations,
sets up an X2 connection (e.g. by querying the Mobility Management Entity, MME, of the
Core Network with the eCGl) with each neighbour if one hasn’t already been established,
and sends a first X2 message to each base station. As in the example above, the first
X2 message includes an indicator that the second eNB 20 intends on entering energy
saving mode, a request for the base station receiving the first X2 message to
compensate for the second eNB 20, and data relevant for the neighbouring base stations

to make a determination of whether they can compensate for the second eNB 20.

As the second eNB 20 is already compensating for the third eNB 30, the first X2 message
includes the data points identified above (that is, an identifier, a request for
compensation, an indication of the number of UEs and load, and location information)
for both the second eNB 20 and the third eNB 30.

In this embodiment, the second eNB 20 receives second X2 messages from both the
first eNB 10 and the fourth eNB 40. These messages indicate that the first eNB 10 and
fourth eNB 40 will compensate for the second eNB 20. In response, the second eNB 20
sends third X2 messages to both the first eNB 10 and fourth eNB 40 including
compensation data. This compensation data includes the information discussed above,
and therefore informs the neighbouring base stations that both the first eNB 10 and fourth

eNB 40 are to compensate for the second and third eNBs 20, 30.

When the first eNB 10 and fourth eNB 40 receive this third X2 message, the first eNB 10
is informed that the fourth eNB 40 will also compensate and vice versa. Accordingly, the

first eNB 10 and fourth eNB 40 exchange messages to determine how the services and
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coverage of the second and third eNBs 20, 30 should be shared. In this example, the
two base stations decide that the capabilities of the third eNB 30 should be compensated
for by the fourth eNB 40 and the capabilities of the second eNB 20 should be
compensated for by the first eNB 10 (this is based on the location data of the base

stations as discovered in the compensation data).

In this embodiment, the coverage area of the fourth eNB 40 does not cover UE 50c of
the third eNB 30. However, the fourth eNB 40 is able to estimate an increase in
transmission power required to compensate for the third eNB 30 going into energy saving
mode. In this embodiment, the increase in transmission power is based on the power
level of the third eNB 30 plus an estimated propagation loss between the third and fourth
eNBs 30, 40. The propagation loss may be estimated based on the distance between
the two base stations (which has been identified by the GNSS coordinates from the first
X2 message), or alternatively the fourth eNB 40 may measure the signal strength of the
third eNB 30 and the propagation loss will be the difference between the transmission
power (identified in the first X2 message) and the measured signal strength. The fourth

eNB 40 may then increase its transmission power by a corresponding amount.

Once the third X2 message has been successfully sent to the first eNB 10 and fourth
eNB 40 (which again may be confirmed with acknowledgement messages), then the
second eNB 20 starts its transition to energy saving mode. This transition includes the
steps of:
e the second eNB 20 instructs its connected UEs 50b, 50c to handover to the first
eNB 10 and fourth eNB 40 respectively;
o the second HeNb 20 sends a fourth X2 message to all neighbouring base stations
in its NRT indicating that it is entering energy saving mode and that the first eNB
10 and fourth eNB 40 are compensating base stations; and, following a
successful handover of the UEs 50b, 50c,
e entering energy saving mode (such as by adopting one or more the

characteristics outlined above).

Upon receipt of the fourth X2 message at the first eNB 10 and fourth eNB 40, both base
stations send a fifth X2 message to all neighbouring base stations of the second eNB 20
(as identified previously in the NRT of the third X2 message) and to the OAM of the Core

Network. The fifth X2 message contains all data values from the third X2 message, such
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that the neighbouring base stations can update their NRTs with the latest compensation

data (including the configuration change of the fourth eNB 40).

Figure 6 illustrates the state of the network 1 following this transition. As shown, the
second and third eNBs 20, 30 no longer have enveloping ellipses as they are no longer
transmitting signals about a coverage area. The UEs 50b, 50c are now served by the
first eNB 10 and fourth eNB 40 respectively (with the fourth eNB’s 40 coverage area
suitably increased). Figure 7 illustrates the data contained in the NRT of each base
station following this transition. The data identifies the third eNB 30 as an “inherited”
base station. The third eNB 30 is inherited in the sense that the first eNB 10 is now
compensating for that base station, but another base station was previously
compensating for it. The data also identifies the power increase required for the fourth

eNB 40 to act in compensation mode for it.

There are further examples of how two base stations may negotiate their status between
the three operational modes than those described above. For example, on receipt of the
first X2 message, all neighbouring base stations may indicate (via the second X2
message) that they cannot compensate for the base station making the request. The
requesting base station will therefore not go into energy saving mode. This is
advantageous over the prior art as it is therefore not possible for a base station to go into

energy saving mode and put an impossible strain on its neighbours.

Furthermore, on receipt of the first X2 message, the neighbouring base station may also
send a first X2 message back to the original base station. The two base stations may
then negotiate which of the two should go into energy saving mode and which should go
into compensation mode. It may therefore transpire that the base station sending the
original first X2 message compensates for the neighbouring base station, and may also

inherit further base stations to compensate for.

In another scenario, the neighbouring base station may indicate that a different base
station may compensate for it. Furthermore, following receipt of the first X2 message,
the neighbouring base station may negotiate with other neighbouring base stations which

one (or several) should compensate for the requesting base station.
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As can be seen from the above examples, there is no longer the defined linkage between
“‘coverage” base stations and “capacity”’ base stations, in which the coverage base
station controls the energy saving state of the capacity base station, as in the prior art.
Instead, the present invention proposes a mechanism by which base stations can switch
between any one of the three modes of operation (normal, energy saving,
compensation), and compensation can be provided dynamically by one on more if its

neighbouring base stations.

In the above examples, the first X2 message is sent to all the neighbouring base stations
in the NRT. However, this is non-essential. In other embodiments, the first X2 message
may be sent to a single neighbour or a subset of neighbours. The choice of neighbours
may be based on known characteristics of the neighbour (e.g. their location) or their prior
performance when acting as a compensator (e.g. based on measurable Key

Performance Indicators, KPls, during said prior performance).

In the above embodiments, the neighbouring base station makes a determination on
whether to become a compensator for another base station following receipt of the first
X2 message. This determination may be based on, for example:

e the base station’s current and forecast load;

e the current and forecast load in the area of the base station;

o the base station’s power consumption;

o the base station’s estimated energy increase to compensate for the other base

station; and
o KPIs of prior performances when acting as compensator for the other base

station.

Furthermore, a base station may store a measure of its KPls when acting as a
compensator for another base station in memory. This may also be associated with its
configuration profile at that time. Accordingly, upon future requests to compensate for

the other base station, the base station may reconfigure to use that configuration profile.

A further embodiment of the present invention will now be described, with reference to
Figures 8 to 10. The starting point for the following example is based on the network as

described in the previous embodiment and shown in Figure 8 (such that the second and
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third eNBs 20, 30 are in energy saving mode and the first eNB 10 and fourth eNB 40 are

compensating for those base stations).

At a subsequent point in time, a decision is made to re-activate the third eNB 30 as the
load on the first eNB 10 is above a threshold. In this embodiment, the decision is made
by the first eNB 10 and not only causes the third eNB 30 to switch out of energy saving
mode, but also causes the third eNB 30 to compensate for the second eNB 20.
Accordingly, the first eNB 10 sends a sixth X2 message to the third eNB 30, which
includes:

e an instruction for the third eNB 30 to switch out of energy saving mode;

e compensation data for the second eNB 20;

e an instruction for the third eNB 30 to enter compensation mode and compensate

for the second eNB 20.

The third eNB 30 reacts to these instructions by switching from energy saving mode to
compensation mode (by adopting one or more of the characteristics outlined above),
which in this example involves a modification of its transmission power in order to cover
the second eNB 20. This modification may be calculated in a similar manner as

described in the previous embodiment.

The first eNB 10 updates its NRT to reflect the above changes. Furthermore, the first
eNB 10 sends a seventh X2 message to all neighbouring base stations of the third eNB
30 to inform them that the third eNB 30 has reactivated and that the third eNB 30 is now
compensating for the second eNB 20. All neighbouring base stations update their

records in their NRT.

Also, the fourth eNB 40 reacts to the seventh X2 message by switching from
compensation mode to normal mode (as it no longer needs to compensate for the third
eNB 30). In this embodiment, this switch involves a reversal of the configuration changes

applied by the fourth eNB 40 when compensating for the third eNB 30.

Following these changes, the network is as shown in Figure 9. The fourth eNB 40 has
reduced its coverage area to its previous state and is no longer compensating for the

third eNB 30, the first eNB 10 is no longer compensating for the second or third eNB 20,
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30, and the third eNB 30 has modified its coverage area to compensate for the second
eNB 20.

The information stored in each NRT of the base stations is shown in Figure 10.

In this embodiment, a determination was made by the first eNB 10 to reactivate the third
eNB 30 and for the third eNB 30 to thereafter compensate for the second eNB 20. As
discussed above, each base station records in its NRT various data points regarding
each base station in the network, including the configuration parameters of the base
stations in energy saving mode, and any configuration changes the compensating base
station needed to make in order to compensate. The determination on whether a base
station should reactivate another base station can be made based on this data. In this
manner, an informed decision can be made on which base station to reactivate in order
to appropriately balance the capacity and energy consumption of the network, or such
that the services offered by the reactivated base station is such that it may compensate
using an appropriate configuration (e.g. based on the services required), the reactivated
base station can be reactivated using the appropriate configuration parameters, and the

compensation base station can be reconfigured to its previous state.

In alternative arrangements, the decision to reactivate a base station in an energy saving
state can be made by another entity than the compensating base station — such as
another base station, an entity in the Core Network, or the energy saving base station
itself. In these alternative arrangements, it is preferable that information that such an
event has occurred be recorded in each base station’s NRT. This can be achieved by
the entity instructing the base station to exit energy saving mode sending messages to
its neighbours (equivalent to the seventh X2 message in the embodiment above), or

each base station polling an energy saving base station to determine if it has reactivated.

Another embodiment of the invention will now be described with reference to Figures 11
to 12. This embodiment includes a cellular network 101, having first, second, third and
fourth eNBs 110, 120, 130, 140 and their respective UEs 150a, 150b, 150c, 150d. These
components are substantially similar in construction as those described in the previous

embodiments.
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Also shown in Figure 11 is a first and second Core Network, controlled by Network
Operator A and Network Operator B respectively. The third and fourth eNBs 130, 140
are connected to Network Operator A’s Core Network, the first eNB 110 is connected to
Network Operator B's Core Network, and the second eNB 120 is connected to both
Network Operator A and B’s Core Networks (e.g. via S1 flex). The second eNB 120 is
primarily serving the second Network Operator, but has a Neutral Hosting Agreement

(NHA) which allows it to serve UEs of the first Network Operator.

The network 100 is initially in a state as shown in Figure 11, such that all base stations
are in their normal mode of operation and are serving their respective UEs. Each base
station includes an NRT in its memory, which stores identifying information (e.g. eCGl)
of all neighbouring base stations. This typically stores data of base stations operated by
the same Network Operator, but may also include data of base stations operated by
other Network Operators if an NHA and suitable S1-flex connection have been
established. Accordingly, the first eNB 110 stores data on the other base station of the
second Network Operator (the second eNB 120), the second eNB 120 stores data on
the other base stations of the first and second Network Operators (the first, third and
fourth eNBs 110, 130, 140), the third eNB 130 stores data on the other base stations of
the first Network Operator (the second and fourth eNB 120, 140), and the fourth eNB
140 stores data on the other base stations of the first Network Operator (the second and
third eNB 120, 130).

At a subsequent point in time, the third eNB 130 determines that it should enter energy
saving mode. The third eNB 130 therefore compiles and issues a first X2 message,
including:
¢ an indication that the third eNB 130 intends on entering energy saving mode;
e arequest for another base station to compensate for the third eNB 130;
e an indication of the number of UEs connected to the third eNB 130 (just one in
this example);
e location information of the third eNB 130 (e.g. Global Navigation Satellite System,
GNSS, coordinates);
e a measure of the third eNB’s power level;
¢ an indication of the third eNB’s load (this may be current and forecast);
e an estimate of a time period the third eNB 130 is intending on being in energy

saving mode for;
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¢ an indication of the third eNB’s required level of compensation (e.g. guaranteed
full coverage, best effort compensation, compensation for existing UEs only);

e anindication of the third eNB’s 130 primary operator (NO-A in this example); and

e an indication of other operators the third eNB 130 may operate for (NO-B in this

example).

The first X2 message is sent to each base station in the third eNB’'s 130 NRT — the
second and fourth eNB 120, 140. Both base stations respond with a second X2 message

indicating that they will compensate for the third eNB 130.

As described above for a previous embodiment, the third eNB 130 sends a third X2
message to each base station that has responded positively. This includes the eCGl of
each base station that has offered to compensate for the third eNB 130, and an identifier
of the Network Operator that owns it. This triggers a negotiation between the second
and fourth eNBs 120, 140 to determine which base station should compensate for the
third eNB 130. As noted above, the second eNB 120 is primarily serving the second
Network Operator, but has a NHA such that it may also serve the first Network Operator.
The fourth eNB 140 serves the same Network Operator, but must increase its coverage
area by a greater amount (and therefore energy consumption) than the second eNB 120
in order to compensate for the third eNB 130. Accordingly, the two base stations
determine that the second eNB 120 should compensate for the third eNB 130 (this
determination may also be based on the financial implication of the second eNB 120

being the compensator, based on the NHA).

Following this determination, the method proceeds as in the previous embodiments such
that all base stations are updated with the compensation data, the second eNB 120
increases its coverage area to compensate for the third eNB 130, the third eNB’s UE is
handed over to the second eNB 120, and the third eNB 130 enters energy saving mode.
In this embodiment, the compensation data includes an indication that there is a NHA in
place between the Network Operators, and includes details of the NHA (e.g. maximum
data rates, time of expiry etc.). The state of the network following this transition is shown

in Figure 12.

At a subsequent time, a determination may be made to reactivate the third eNB 130.

The determination is again made on the compensation data, which in this embodiment
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includes details of the NHA between the energy saving base station’s Network Operator
and the compensating base station’s Network Operator. For example, if the NHA is to
end in the next hour, then the compensating base station may instruct the energy saving

base station to exit energy saving mode.

In the above embodiment, the NHA between the first and second Network Operators is
already in place. However, in an alternative arrangement, the NHA could be established
and/or negotiated between the two Network Operators upon receipt of the first X2
message. For example, an S1 flex connection could be established between the two
Network Operators, and the relevant parameters of a new NHA could be negotiated, in

order for the base station to compensate for a base station of another network.

In the above embodiments, the base stations negotiate and control their modes of
operation via several new inter-base station messages carried over the X2 protocol.
However, this is not essential. For example, the data contained in the messages defined
above may be based on modifications of existing inter-base station messages used in
current cellular networks. Furthermore, these messages may be contained in the same

or distinct signals.

Furthermore, it is also non-essential that the method of the above embodiments of the
invention be carried out in a distributed manner. For example, all of the above messages
could be routed through a centralised entity (such as an Operations and Management
(OAM) node of the Core Network), which stores and processes the data in order to
determine which base stations should be in the particular modes of operation. In this
manner, the OAM node may determine which allocation of modes of operation amongst
the network of base stations results in suitable coverage and capacity for the network

whilst keeping energy consumption to a minimum.

In the above embodiments, the base stations are all eNBs. However, any form of base
station is suitable for the present invention (e.g. a base station of any cellular
telecommunications protocol, including small cells). Furthermore, the functionality of the
base station may be split between different entities, such that a centralised entity
performs some functions (typically processing the higher levels of the protocol stack),
whilst one or more remote radios perform other functions (typically processing the lower

levels of the protocol stack).
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In the above embodiments, the base stations either wait for their connected UEs to
disconnect, or cause their connected UEs to disconnect, prior to entering energy saving
mode. The base station may cause the UEs to disconnect either by an explicit message
or by gradually reducing their transmission power in order to trigger a handover by the
UE.

In the above embodiments, a compensation base station instructs an energy saving base
station to exit energy saving mode. Thereafter, the compensation base station enters
normal mode as it no longer has to compensate for that base station. However, the
skilled person will understand that the compensation base station may be compensating
for multiple energy saving base stations, and may instruct one or a subset of these to
exit energy saving mode. Accordingly, the compensation base station may still be in

compensation mode following a reactivation event.

The skilled person will understand that it is not necessary for the base station to be
configured to switch between any one of the three operational modes (normal,
compensation and energy saving) to realise the benefits of the embodiments of the
present invention. That is, the benefits of the base station entering energy saving mode
sending “compensation data” to another base station may be realised in a system in
which the base stations may only operate within two of these operational modes (normal
and compensation, or normal and energy saving). For example, this compensation data
may indicate configuration parameters which the compensation base station may use

when determining when and how to reactivate the energy saving base station.

The skilled person will understand that any combination of elements is possible within

the scope of the invention, as claimed.
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CLAIMS

1. A method of operating a base station in a cellular telecommunications network,
the method comprising the steps of:

a first base station determining to switch to energy saving mode; and

the first base station sending a first message to a second base station, the first message
including compensation data relating to a third base station that the first base station is

acting in compensation mode for.

2. A method as claimed in any one of the preceding claims, wherein the

compensation data relates to the first base station’s configuration parameters.

3. A method as claimed in any one of the preceding claims, further comprising the
steps of:

the first base station receiving a second message, the second message instructing the
first base station to exit energy saving mode; and

the first base station exiting energy saving mode.

4. A method as claimed in Claim 3, wherein the second message instructs the first
base station to act in compensation mode for the third base station, the method further
comprising the step of:

the first base station entering compensation mode for the third base station.

5. A method as claimed in Claim 3 or Claim 4, wherein the second message
instructs the first base station to act in compensation mode for a fourth base station, the
method further comprising the step of:

the first base station entering compensation mode for the fourth base station.

6. A method of operating a base station in a cellular telecommunications network,
the method comprising the steps of:

a first base station receiving compensation data from a second base station, the
compensation data relating to a third base station that the second base station is acting
in compensation mode for;

the first base station determining whether to instruct the second base station to exit

energy saving mode based on the compensation data.
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7. A method as claimed in Claim 6, wherein the compensation data relates to the

second base station’s configuration parameters.

8. A method as claimed in Claim 7, further comprising the step of:
the first base station instructing the second base station to exit energy saving mode and

to act in compensation mode for the third base station.

9. A method as claimed in any one of Claims 6 to 8, further comprising the step of:
the first base station instructing the second base station to exit energy saving mode and

to act in compensation mode for a fourth base station.
10. A computer program comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the steps of any one of the

preceding claims.

11. A base station comprising a transceiver, a processor and memory, wherein the

processor is configured to perform the steps of any one of Claims 1 to 9.

12. A cellular telecommunications network comprising a base station of Claim 11.
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